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Abstract 
 
In this paper the analysis of thin walled castings made of ductile iron is considered. It is shown that thin wall austempered ductile iron can 
be  obtained  by  means  of  short-term  heat  treatment  of  thin  wall  castings  without  addition  of  alloying  elements.  Metallographic 
examinations  of  2  mm  thin  walled  castings  along  with  casting  with  thicker  wall  thickness  (20x28  mm)  after  different  austempring 
conditions are presented. It has been proved that short-term heat treatment amounted 20 minutes of austenitizing at 880 
oC  followed by 
holding at 400 
oC for 5 minutes causes ausferrite matrix in 2 mm wall thickness castings, while casting with thicker wall thickness remain 
untransformed and martensite is still present in a matrix. Finally there are shown that thin wall ductile iron is an excellent base material for 
austempering heat treatments. As a result high mechanical properties received in thin wall plates made of austempered ductile iron. 
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1. Introduction 
 
Recent trends in the design of vehicle components have been 
focused in the production of thin-wall ductile iron catings in order 
to  save  materials  and  energy.  In  general,  there  has  been  an 
increasing  demand  for  thin-wall  ductile  iron  castings  (TWDI) 
with a wall thickness below 3 mm and with a high strength to 
weight ratios [1]. Austempered ductile iron (ADI) posseses high 
wear resistence, strength and damping capacity when compared 
with  forged  steels  or  weldments.  The  ADI  market  has  been 
continuously growing with a rate estimated at 16 % per year [2]. 
There  are  numerous  studies  on  ADI,  particularly  on  (a)  the 
kinetics  of  austempered  of  cast  iron  [3-7],  (b)  microstructural 
characterization,  (c),  mechanical  properties  [8-10].  (d)  fatigue 
[11],  properties  and  machinability  [11],  as  well  as  other 
applications  [12].  While  the  parameters  for  a  successful 
production  of  high  quality  ADI  are  well  established,  the  same 
cannot  be  said  of  thin  wall  austempered  ductile  iron  castings 
(TWADI). TWDI castings are characterized by an extremely large 
nodule  count  and  hence  with  relatively  small  interparticle 
spacings, λ which can be estimated from the Fullman equation 
[13]. 
 
L N
gr f 1
                                                                   (1) 
 
where  NL is the nodule count per unit of length and fgr, is the 
volume fraction of graphite at room temperature. 
 
The  interparticle  spacing  can  be  related  to  the  characteristic 
diffusional distance for alloying elements. In the fabrication of 
ADI castings of heavy sections sizes alloving additions (Ni, Cu 
and  Mo)  must  be  incorporated  into  the  iron  melt  in  order  to 
increase  the  austemperability  (ability  of  the  material  to  allow 
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formation  of  pearlite).  In  contrast,  the  intrinsic  nature  TWDI 
castings  makes  it  possible  to  eliminate  the  use  of  alloying 
elements  such  as  Ni  and  Cu.    In  heavy  section  castings  the 
interparticle  spacing,  λ  is  relatively  large.  As  a  result,  the 
segregation  of  alloying  elements  such  as  Si,  Mn  and  Mo  is 
difficult  to  avoid.  Hence,  the  microstructure  is  highly 
inhomogeneous.  In  TWDI  castings,  the  diffusional  distance 
becomes  significantly  small  so  the  segregation  of  alloying 
elements  is  minimal  and  the  microstructure  is  highly 
homogeneous. Accordingly, TWDI castings can be considered as 
base and an ideal low cost material in producing of TWADI. 
 
 
2. Experimental procedure 
 
Melts were produced using an electric induction furnace. The 
raw materials were Sorelmetal, steel scrap and commercially pure 
silicon. The metal was preheated at 1500
oC and then poured into 
the mold, which was equipped with a reaction chamber connected 
to a pouring basin containing a mixture of spheroidizer (Elmag) 
and of inoculant (Foundrysil). The chemical composition of the 
cast iron was: 3,59 – 3,68 % C; 3,01 – 3,10 % Si; 0,10 – 0,12 % 
Mn; 0,02 % P; 0,01 % S; and 0,023  – 0,027 % Mg. Figure 1 
shows the geometry of plate shaped castings.  
 
 
 
 
 
Fig. 1. Thin plates and runner 
 
The  moulds  were  made  of  resin  bonded  sand  and  the  inner 
surfaces were coated with graphite paint.  
Metallographic characterization was made on samples cut from 
plates (2.0 mm), and from the runners (22 x 28 x 180 mm). The 
average nodule count measured using a Leica QWin quantitative 
analyzer at 200x. Some of the plates were austenitized at 880
o C 
for 5, 15 and 20 minutes and then water quenched in order to 
establish the time needed to achieve a purely martensitic matrix. 
The remaining plates were austinized at 880
o C and austempered 
in  a  bath  salt.  Austempering  conditions  were  established  by 
heating at 400
o C for various times (5, 15, 30 and 90 min). The 
advance  of  the  transformation  during  austempering  was 
monitored by XRD means in a Bruker diffractometer by using Co 
Kα radiation at 40 kV and 30 mA. Finally, the tensile properties 
were measured using specimens cut from the plates in the as-cast 
and austempered conditions.  
 
 
3. Analysis of results and discussion 
 
Fiqure 2 shows the exhibited microstructures found in the thin 
walled  section  and  in  the  runner  location.  From  the 
metallographic determinations, it is found that in the thin walled 
regions the interparticle spacing is approximately 3 times smaller 
than the one found in the runner locations (83 vs. 238 μm). 
 
a) plate 2 mm 
 
 
Nodule count 2170 mm
-2 
Interparticle spacing   = 83 μm 
 
b) runner  22 x 28 mm 
 
Nodule count 140 mm
-2 
Interparticle spacing   = 238 μm 
 
Fig. 2. As cast microstructure of samples taken from  
thin plates (a) and runners (b) 
 
Our investigations show that after 5 minutes at the austenitizing 
temperature, the matrix consists of martensite and ferrite, while 
after 15 minutes a fully martensitic structure is developed. Hence, 
20  minutes  were  considered  to  be  long  enough  for  full 
austenitization heat treatment at 880
o C. Moreover, in the runners, 
the exhibited microstructure after austenitizing for 20 minutes at 
880
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count  in  this  region  does  not  have  a  significant  effect  on  the 
austenitizing kinetics.  
Figures  3a-d  show  the  austempered  matrix  microstructures 
obtained in plates (wall thickness 2,0 mm) after austenitizing at 
880
o C for 20 minutes and austempering at 400
o C for 5 - 90 
minutes. In particular, notice that as time increases from 5 to 90 
minutes,  there  are  no  significant  changes  in  the  exhibited 
microstructures.  Hence  5  to  10  minutes  can  be  enough  for 
austempering. Moreover (Fig. 3e), in the samples taken from the 
runner  (20  x  28  mm)  approximately  60  %  martensite  is  still 
present. 
   
   
                                   a) time of austempering  5 min.                            b)  time of austempering  15 min. 
 
   
                                   c)  time of austempering  30 min.                     d)  time of austempering  90 min. 
 
 
   e)  time of austempering  20 min 
 
Fig. 3. Microstructure of heat treated cast iron taken from the thin plates (a-d) and the runner (e); austenitizing at 880 
oC/20 min. and 
austempering at 400 
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Apparently, under similar heat treatments at these locations there 
is a significant effect of nodule count (2170 mm 
-2 for thin plates 
and 140 mm
-2 for runners) on the austempering kinetics. 
Fig.  4.  shows  the  stress-strain  curves  corresponding  to  flat 
samples taken from thin plates made of austempered ductile iron 
(TWADI) and ductile iron (TWDI).   
 
a) TWADI 
 
 
b) TWDI
 
 
Fig. 4. (a).Stress-strain curves of samples taken from the thin wall 
plates made of  austempered ductile iron, and (b) ductile cast iron 
 
Notice the magnitudes of the tensile properties of TWADI Rm = 
1112 MPa, and yield strength Rp,0,2 = 1000 MPa, (Fig.4a) and of 
TWDI Rm = 630 MPa and Rp,0,2 = 310 MPa.  
 
 
4. Conclusions 
 
1.  Thin  wall  ductile  iron  is  an  excellent  base  material  for 
austempering heat treatments as it posseses high austemperability 
and hence, it does not require expensive alloying  elements nor 
long heat treatment times. 
2. Extremely high nodule counts in thin wall ductile iron and short 
diffusional  lengths  for  alloying  elements  lead  to  reduced 
austempering times.  
3.  It  has  been  shown  that  in  thin  wall  ductile  iron  castings 
austenitizing at 880
o C for 20 minutes and austempering at 400
o C 
for 5 minutes is adequate to obtain an ausferrite structure. 
4. It is possible to produce austempered ductile iron castings of 
with a wall thickness of 2.0 mm and high mechanical properties 
(Rm = 1112 MPa, and 6 % elongation) using only 50 minutes as an 
total heat treatment time.  
 
 
Acknowledgements 
 
This work was supported under Grant KBN 3T08BO4230. 
 
 
References 
 
[1] D.M. Stefanescu, L.P. Dix, R.E. Ruxanda, C. Corbitt-Coburn, 
T.S.  Piwonka,  Tensile  properties  of  thin  wall  ductile  iron, 
AFS Transactions, vol. 110, (2002) 1149 – 1162. 
[2] K.L.  Hayrynen  K.R.  Brandenberg,  Carbidic  Austempered 
Ductile  Iron  (CADI)  -  the  New  Wear  Material,  AFS 
Transactions, vol. 111, (2003) 845-850  
[3] D. Venugopolan, A kinetic model of the γ  to α + Gr eutectoid 
transformation in spheroidal graphite cast iron, Metallurgical 
and Materials Transactions, vol. 21A, (1990) 913-918. 
[4] D.J. Moore, J.R. Parolini, K.B. Rundman, On the kinetics of 
austempered  gray  cast  iron,  AFS  Transactions,  vol.  111, 
(2003) 911-930. 
[5] S.M.  Butorabi,  A.A.  Fallah,  Austempering  kinetics  of  low 
carbon-aluminium  cast  iron,  AFS  Transactions,  vol.  105, 
(1997) 757-761. 
[6] K.F. Laneri, J. Desimoni, R.C. Marcader, R.W. Gregorutti J.L. 
Satutti, Thermal dependence of austempering transformation 
kinetics  of  compacted  graphite  cast  iron,  Metallurgical  and 
Materials Transactions A, vol. 32, (2001) 511-558. 
[7] M.M. Cisneros, M.J. Perez, R.E. Campos, E. Valdes, The role 
of  Cu,  Mo  and  Ni  on  the  bainitic  reaction  during  the 
austempering  of  ductile  iron,  International  Journal  of  Cast 
Metals Research, vol. 111, (1999) 425-430.  
[8] J.  Mallia,  M.  Grech,  Effect  of  silicon  content  on  impact 
properties of austempered ductile iron, Material Science and 
Technology, vol. 113, (1997) 408-414. 
[9] N.  Darwish,  R.  Elliot,  Austempering  of  low  manganese 
ductile irons”. Part 3. Variation of mechanical properties with 
heat treatment conditions, Material Science and Technology, 
vol. 9, (1993) 882-889. 
[10]  K.L.  Hayrynen,  J.K.  Keough,  Wear  properties  of 
austempered  ductile  irons,  AFS  Transactions,  vol.  113, 
(2005) 803-812. 
[11]  F. Zanardi, Machinable ADI in Italy, AFS Transactions, vol. 
113, (2005) 835-847. 
[12]  B.N. Olson, K.B. Moore, G.R. Simula, Potential for practical 
applications  of  ausforming  austempered  ductile  iron,  AFS 
Tansactions, vol. 111, (2002) 965-982. 
[13]  R.L.  Fullman,  Measurement  of  particle  sizes  in  opaque 
bodies, Transactions of AIME, (1953) 447-452.  